ical processes, it has been argued that this would be the case only in tasks with a strong metaphonological component (Ventura, Kolinsky, Brito-Mendes, & Morais, 2001) . Indeed, tasks such as phoneme deletion, detection, counting, and blending all rely on people's capacity to consciously access and manipulate phoneme-sized information. Finding orthography effects in these tasks might not be so surprising given the crucial role of orthography in developing awareness of phonemes (Goswami, 2002a ; Morais et al., 1979; Olson, 1996) .
However, orthographic effects have also been reported in tasks that do not necessarily involve metaphonological components. For example, Jakimik, Cole, and Rudnicky (1985) studied phonological priming in a lexical decision task (LDT). They employed polysyllabic primes and monosyllabic targets that shared either initial phonology (e.g., chocolate-chalk), initial orthography (e.g., fighter-fig), or both initial phonology and initial orthography (e.g., napkin-nap). Facilitatory priming effects were obtained only for prime-target pairs that shared both phonology and orthography. No priming was obtained when targets and primes shared only phonology or only orthography. However, the authors themselves acknowledged that their results might reflect an orthographic strategy, because the relatedness proportion between primes and targets was rather high (30-50%). More recently, orthographic effects in phonological priming have been replicated with relatedness proportions of only 20%, making it less likely that the facilitatory effects were due to orthographic strategies (Slowiaczek, Soltano, Wieting, & Bishop, 2003) .
To avoid strategies of this kind, Ziegler and Ferrand (1998) did not use the priming paradigm but a simple auditory LDT. They manipulated the orthographic consistency of spoken words. Half of the words were inconsistent-that is, their phonological rimes could be spelled in multiple ways (e.g., /-ip/ may be spelled "-eap" or "-eep")-and the other half was consistent-that is, their rimes could be spelled in only one way (e.g., /-k/ may only be spelled "-uck"). Results showed that inconsistent words produced slower correct "yes" responses and more errors than did consistent words. This effect was taken to suggest that orthographic information was automatically processed during the perception of spoken words. These data provide strong evidence of the existence of orthographic effects in spoken word recognition, especially because their study minimized the use of orthographic strategies and did not rely on a metaphonological task.
There are two potential problems with Ziegler and Ferrand's (1998) study, however. First, the consistency manipulation necessarily relies on the comparison between different types of words (i.e., inconsistent vs. consistent words). It is therefore logically possible that inconsistent words differ from consistent words in terms of their phonetic composition as well. Although Ziegler and Ferrand matched their items on a number of variables (e.g., uniqueness point, number of phonemes, frequency), subtle phonetic differences might exist between different groups of items. For example, some of the inconsistent items in Ziegler and Ferrand's study had quite complex nasalized sounds. Indeed, Kessler, Treiman, and Mullennix (2002) have recently shown that the phonetic composition of a word has an effect on voice key measurements. Moreover, the phonetic composition of a word has been shown to affect lexical decision performance (Abramson & Goldinger, 1997) . Second, Ziegler and Ferrand relied on an auditory LDT. This task has been criticized for including a number of decisional and postperceptual processes that might amplify orthographic consistency effects (Ventura, Morais, Pattamadilok, & Kolinsky, 2004) .
In the present study, we attempted to deal with problems of both the stimuli and the task. To make sure that the auditory consistency effect did not result from a confound in terms of phonetic differences between consistent and inconsistent items, we manipulated the degree of inconsistency of words sharing the same phonological rime. Thus, we selected pairs of inconsistent monosyllabic words that had the same phonological rime but differed in the probability with which their phonology maps onto spelling. For example, in English the words sign and wine have the same phonological rime: /-an/. The "-ine" spelling is dominant-that is, it occurs in most monosyllabic words of this particular rime family (e.g., fine, nine, vine, dine, line, mine) . In contrast, the "-ign" spelling is subdominant, meaning that it occurs in few or no other monosyllabic words. Both sign and wine are inconsistent in the sense that their phonological rimes map onto multiple spellings. However, wine contains the dominant spelling, whereas sign contains the subdominant spelling. Keeping the phonological rime constant while controlling for onset complexity should guarantee that the orthographic consistency effect is indeed due to orthography rather than to phonetic complexity.
The second problem, which is related to the use of the LDT, can be addressed by investigating the orthographic consistency effect in tasks other than lexical decision. For this purpose, we used a rime detection task in Experiment 2 and an auditory naming task in Experiment 3.
EXPERIMENT 1
In this experiment, we investigated whether or not the probability with which phonology maps onto spelling can influence auditory word recognition. To this end, we compared inconsistent words with dominant spellings with inconsistent words with subdominant spellings in an auditory LDT. Words with dominant and subdominant spellings had the same rime phonology and were yoked in frequency-matched pairs (e.g., wine-sign). In addition, a group of completely consistent words was included in the present study to replicate our previous finding of an auditory consistency effect.
Method
Participants. Twenty-five psychology students from a private University (École des Psychologues Praticiens) in Paris participated in the experiment. All were native speakers of French. None of them reported any hearing problems. Twenty additional students from the same population gave familiarity ratings of the stimulus material.
Stimuli and Design. The critical stimulus set consisted of 72 lowfrequency monosyllabic French words (see the Appendix). They were subdivided into three groups of 24 stimuli each: (1) consistent words, (2) inconsistent words with dominant spellings, and (3) inconsistent words with subdominant spellings. Inconsistent words were yoked in frequency-matched pairs in which one member had the dominant spelling and the other had the subdominant spelling. For example, in French the words nain (dwarf ) and daim (deer) have the same phonological rime: /-ε/. The "-ain" spelling is dominant, whereas the "-aim" spelling is subdominant.
Consistency and spelling probability (dominance) were determined on the basis of consistency analyses of spelling and sound in French (Ziegler, Jacobs, & Stone, 1996) . Consistency ratios (token and type) for the three stimulus groups are provided in Table 1 . Consistency ratios vary between 0 (inconsistent) and 1 (consistent). They are calculated by dividing the number (or frequency) of friends by the number (or frequency) of friends and enemies. In the present context, a friend is a word whose rime phonology is spelled the same (e.g., gear and fear are friends of hear). An enemy is a word whose rime phonology is spelled differently (e.g., beer and mere are enemies of hear). As can be seen in Table 1 , words with subdominant spellings have very few friends and many enemies. In contrast, words with dominant spellings have approximately the same number of enemies as do words with subdominant spellings, but many more friends. As a consequence, their consistency ratios are much higher. Finally, consistent words have no enemies at all.
Because we were interested in auditory word recognition, our main focus was on spelling consistency (i.e., how consistently a phonological pattern can be spelled). This is different from the domain of reading, for which most studies manipulated pronunciation consistency (i.e., how consistently an orthographic pattern can be pronounced). Indeed, all but five of our words (gang, scout, jus, jet, stand ) were fully consistent in terms of pronunciation. Thus, pronunciation consistency is not further taken into account in any of the following analyses.
The fact that both members of each inconsistent word pair shared the same rime phonology effectively reduces the likelihood that phonological, phonetic, or phonotactic differences between dominant and subdominant members could be responsible for the orthographic effects. However, having identical rime phonology leaves the possibility open that stimulus groups differed in terms of phonotactic complexity or consistency of the word onset (initial phoneme or phoneme cluster). We therefore calculated initial phone frequency and transitional probabilities for the onset phonemes (see, e.g., Vitevitch & Luce, 1998 , 1999 . In addition, we verified whether the onsets of our items differed in terms of pronunciation and spelling consistency (type counts). As can be seen in Table 1 , the three groups did not differ significantly on any of these variables.
The three stimulus groups were matched on word frequency according to the BRULEX database (Content, Mousty, & Radeau, 1990) . The frequency matching was double-checked using a recent database containing more up-to-date frequency norms (LEXIQUE; New, Pallier, Ferrand, & Matos, 2001) . As can be seen in Table 1 , the three groups were still tightly matched even when the more contemporary frequency norms were used. To complement the objective frequency measures, we also obtained subjective familiarity ratings (see, e.g., Peereman, Content, & Bonin, 1998) . Twenty students who had not participated in the experiment rated familiarity using a 7-point scale on which1 was very unfamiliar and 7 very familiar. No significant differences were obtained in terms of familiarity.
The stimuli were further matched on a number of standard word recognition variables, such as phonological neighborhood density, number of phonemes, and uniqueness point. These measures were taken from the LEXIQUE database (New et al., 2001 ). The groups did not differ on any of these variables. The only significant difference was in terms of orthographic neighborhood density. Words with subdominant spellings had on average fewer orthographic neighbors than words in the other two groups. This confound cannot be avoided, because words that are highly inconsistent in spelling have, by definition, few orthographic neighbors. However, a recent study suggests that the important factor in explaining orthographic effects on spoken word recognition is the consistency of the phonology-orthography mapping rather than the sheer num- ber of orthographic neighbors (see Ziegler, Muneaux, & Grainger, 2003) . For the purpose of the LDT, 72 nonwords were created by randomly changing onsets and phonological rimes of a list of 72 words that were not used in the present study. No consistency manipulation was performed on the nonwords. Note that it would not have been possible to create nonwords with subdominant spellings because nonwords have no lexical spellings. Thus, the spelling that a participant might think of in an auditory task is likely to be the dominant one.
Following Goldinger's (1996) recommendation for research using the LDT, we measured auditory durations of the stimulus recordings. Both types of inconsistent words had nearly identical durations (427 and 431 msec for words with dominant and subdominant spellings, respectively). This difference was not significant [t(23) ϭ .10, p Ͼ .90]. However, completely consistent words had significantly longer auditory durations than both types of inconsistent words (492 msec; both ts Ͼ 1.82; ps Ͻ .04, one tailed). This is not a problem, however, because the consistency effect appears as a latency advantage for consistent words. Thus, longer auditory durations for consistent words would work against finding a consistency effect. Nevertheless, in this and the following experiment, auditory duration is used as a covariate.
Procedure. All items were recorded by a male native French speaker in a soundproof room on a digital audiotape recorder (Teac DA-P20) using a Sennheiser MD43 microphone. Items were digitized at a sampling rate of 48 kHz with 16-bit analog-to-digital conversion using a Macintosh II FX computer and an audiomedia editor. The stimuli were transferred to the left channel of the Teac DA-P20 digital-to-analog converter. A 1000-kHz pulse on the right channel (inaudible to the participants) was time locked with the onset of the stimulus. This signal started the timer; the timer was stopped by the participants' lexical decision responses. The intertrial interval was 2 sec.
Stimulus presentation and data collection were controlled by a 386 PC connected to the digital-to-analog converter. The stimuli were presented to the participants at a comfortable level through a pair of Sony MDR-P1 headphones connected to the left channel of the digital-to-analog converter. The participants were tested individually in a soundproof room. They were instructed to decide as quickly as possible whether or not the auditorily presented stimulus was a real French word. The participants gave their responses by pressing either the "yes" or the "no" button of a button box that was placed in front of them. The dominant hand was used for the "yes" responses. At the beginning of the experiment, the participants were given 20 practice trials to familiarize themselves with the task. During the experiment, no feedback was provided. The experiment lasted approximately 15 min.
Results
Mean correct reaction times (RTs) and error rates for consistent, inconsistent /dominant, and inconsistent / subdominant words are presented in Table 2 . RTs were measured from target onset to response onset. RTs longer than 3 SDs beyond a participant's global mean were excluded from the analysis (accounting for less than 1.5% of the data). Analyses of variance (ANOVAs) and planned comparisons were performed on correct mean RTs and error rates with both participants (F 1 ) and items (F 2 ) as the random variables. Consistency (i.e., consistent vs. dominant vs. subdominant) was treated as a within-subjects factor in the analysis by subjects and as a between-items factor in the analysis by items. Because of differences in auditory length between consistent and inconsistent items, auditory duration was used as a covariate in all F 2 analyses. We corrected means for auditory duration by using it as a covariate.
As can be seen in More importantly, a planned comparison between items with dominant and those with subdominant spellings confirmed that there was a significant spelling probability effect. That is, there was a significant (41-msec) difference between inconsistent words with dominant spellings and those with subdominant spellings [F 1 (1,24) ϭ 55.99, p Ͻ .001; F 2 (1,45) ϭ 13.29, p Ͻ .001]. In the error data, the 2.7% difference between inconsistent words with dominant spellings and those with subdominant spellings failed to reach significance [F 1 (1,24) ϭ 3.69; F 2 (1,46) ϭ 1.05]. Planned comparisons also confirmed that performance on consistent words was better than performance on either of the inconsistent word types (all F 1 s Ͼ 33.79, ps Ͻ .001; all F 2 s Ͼ 4.2, ps Ͻ .05).
Discussion
The present data can be summarized as follows. First, we replicated the auditory consistency effect previously obtained by Ziegler and Ferrand (1998) . That is, both types of inconsistent words obtained longer RTs and more errors than did consistent words. More importantly, inconsistent words with subdominant spellings produced longer RTs and more errors than did inconsistent words with dominant spellings. Given that these two groups of inconsistent words had the same phonological rime and did not differ in terms of onset complexity or consistency, it is unlikely that subtle phonological or phonotactic differences were responsible for the observed orthographic effects.
One potential problem with holding rime phonology constant is that rimes were necessarily repeated. Previous researchers (Seidenberg, Waters, Barnes, & Tanenhaus, 1984; Taraban & McClelland, 1987) noticed that the consistency effect in reading was amplified when the experiment contained the same orthographic rime pronounced in different ways (e.g., give-five; have-cave). In analogy, one could argue that repeating the rimes in the present experiment might have amplified the auditory consistency effect. However, we do not think that such intralist priming can explain the present consistency effect, for two reasons. First, in our original study (Ziegler & Ferrand, 1998) , rimes were not repeated and yet the size of the observed consistency effect (62 msec) was almost identical to the size of the consistency effect in the present experiment (61 msec). Second, in the area of reading, subsequent research by Jared, McRae, and suggested that unreliable consistency effects in previous studies were not due to the absence of intralist priming but rather to weak consistency manipulations (i.e., many friends and few enemies). In summary, we believe that the graded nature of the consistency effect obtained in the present study reflects the statistical mapping between phonology and orthography rather than intralist priming or phonetic confounds. Before these conclusions can be accepted, however, one further potential criticism needs to be taken into account. In this and the earlier study (Ziegler & Ferrand, 1998) , the auditory LDT was employed to investigate the orthographic consistency effect. One could argue that the LDT is so difficult that participants might try to "visualize" the spoken words in order to improve task performance. Indeed, the LDT produced error rates on the order of 20%, which clearly suggests that it is not an easy task. Thus, it cannot be ruled out that participants use an orthographic checking mechanism in a strategic way in order to improve overall performance. To address this potential problem, we attempted to replicate the present effects in a less difficult auditory task.
EXPERIMENT 2
A rime detection task was used in this experiment to investigate whether the orthographic consistency effect would persist in a task that produced a much lower error rate than the LDT. The rime detection task seemed to be a good choice because (1) it is a purely phonological task (i.e., a participant does not have to be literate to do the task), (2) it should be quite easy because the rime, unlike the phoneme, is an easily accessible unit in speech perception (Goswami, 1999; Kirtley, Bryant, MacLean, & Bradley, 1989) , and (3) in previous studies (e.g., Seidenberg & Tanenhaus, 1979) orthographic effects on rime judgments have been found. Thus, on each trial, participants were presented auditorily with a target rime followed by the target word. On half of the trials, the target rime was present in the word, and on the other half the target rime was absent. We predicted that detecting a rime in an inconsistent word should take longer than doing so in a consistent word, especially if the inconsistent word contained the less frequent (subdominant) spelling.
Method
Participants. Thirty-seven psychology students from the same population as those in Experiment 1 participated in Experiment 2.
None of them had participated in Experiment 1. All were native speakers of French. None of them reported hearing problems.
Stimuli and Design. The stimulus set and design were identical to those of Experiment 1 except that two items (hausse and hall ) had to be replaced because their onsets were silent. They were replaced by grosse and goal, respectively. In addition, 72 new words were selected for the target-absent trials. They were matched to the target words in terms of frequency, onset, and number of phonemes (all Fs Ͻ 1). New recordings were needed for the target-absent trials and the rime targets; we also obtained new recordings for the critical target-present trials. In these new recordings, auditory length was again perfectly matched for the critical comparison between items with dominant and subdominant spellings (422 and 418 msec, respectively). The consistent items, however, were again much longer than the inconsistent items (559 msec). Thus, as in the previous experiment, auditory length was used as a covariate in all item analyses.
Procedure. Items were recorded by a male native French speaker using the same procedure as in Experiment 1. The stimuli were sampled at 44 kHz and then transferred to a computer at a sampling rate of 22.05 kHz and 16-bit conversion using SoundEdit 16 (Macromedia, San Francisco). Stimulus presentation and data collection were controlled by a Macintosh computer and PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) . The stimuli were presented to the participants at a comfortable decibel level through a pair of Sony MDR-P1 headphones. At the end of the auditory rime and after a delay of 50 msec, the target was presented. The participants were instructed to judge as quickly and as accurately as possible whether the auditorily presented rime was present or absent in the following French word. The participants gave their responses by pressing either the "yes" or the "no" button of a button box that was placed in front of them. The dominant hand was used for the "yes" responses. The participants were tested individually in a soundproof room. As in Experiment 1, the participants were first given 20 practice trials. No feedback was provided during the experiment. The experiment lasted approximately 20 min.
Results
Mean latencies and error rates are presented in Table 3 . Only target-present trials were considered for statistical analyses. Two items and their matched controls had to be excluded because of systematic misperceptions, probably due to problems with the recordings. RTs that were more than 3 SDs beyond a participant's global mean were excluded (accounting for less than 1% of the data). The remaining data were submitted to a global (consistent vs. dominant vs. subdominant) ANOVA and to planned comparisons with both participants (F 1 ) and items (F 2 ) as the random variables. Because of differences in auditory length between the items, auditory duration was used as a covariate in all F 2 latency analyses. We corrected means for auditory duration by using it as a covariate. 
Discussion
The data from the rime detection task replicated the major effects found in the LDT-that is, the existence of a graded consistency effect and a significant difference between words with dominant and subdominant spellings (e.g., wine-sign). These effects were obtained despite the fact that the overall error rate was very low (about 3%). This provides evidence against the hypothesis according to which orthographic information would become activated only when the task is relatively difficult, making it useful for participants to encode spoken words in different formats (orthographic and phonological). Alternatively, the present data show that orthographic information is activated even in a task that produces a low error rate.
One potential problem with the rime detection task, however, is that it might involve metaphonological skills to some extent. Metaphonological skills are typically assessed by having people delete, add, or substitute phonemes (Morais et al., 1979) . It is quite well documented that orthographic information affects such metaphonological skills, possibly by providing an abstract model of how to analyze speech into its constituents (Olson, 1996) . Although rime detection does not involve the conscious manipulation of phonemes, the aim of the following experiment was to replicate the orthographic consistency effect in a task that clearly does not involve metaphonological components.
EXPERIMENT 3
The goal of this experiment was to replicate the graded consistency effect in an auditory naming task (see Liu, Bates, Powell, & Wulfeck, 1997) . In this task, participants are presented with spoken words and are asked to repeat them as quickly as possible. This task was chosen because it still produces a low error rate, does not involve a decision component, and does not involve metaphonological judgments. It is obviously risky to use such a shallow task, because classic word recognition effects tend to be reduced in word repetition (Radeau & Morais, 1990) . However, given that a number of effects (e.g., neighborhood effects) are not fully eliminated in repetition tasks (Vitevitch, 2002; Vitevitch & Luce, 1998) , we still expected to find signatures of consistency effects, at least in the strongest comparison (i.e., consistent vs. inconsistent subdominant words). Note also that the task contains a naming component. Ideally, in naming tasks onsets have to be matched across experimental conditions because voice keys trigger differently depending on the nature of the onset (e.g., much later for words with initial fricatives than for words with initial plosives; see Rastle & Davis, 2002 ). Because we did not match for onsets in this experiment, we added a delayed naming task after each trial (see, e.g., . Because articulatory differences would affect delayed naming as much as immediate naming, delayed naming latencies can be used to factor out potential articulatory differences if necessary.
Method
Participants. Twenty-five psychology students participated in the experiment. They were recruited from the same population as those in the previous experiments. None had participated in either of the previous two experiments. All were native speakers of French. None of them reported hearing problems.
Stimuli and Design. The stimulus set and design were identical to those of Experiment 1, except that only word trials were used in the present experiment.
Procedure. As in the previous experiments, the stimuli were presented binaurally via headphones. The participants were instructed to listen carefully to each word and to say it aloud as quickly and accurately as possible. The delayed naming task was added after each trial. That is, after the immediate naming response was given, the participants were asked to say the same word aloud again. However, they were also instructed to delay their responses until a response signal (a 400-Hz beep) occurred. To avoid anticipations, the interval between the offset of the target and the onset of the beep was varied (1,400, 1,600, 1,800, or 2,000 msec). The participants were told to keep the word "on the tip of their tongues" during that interval, ready to name it as quickly as possible and as soon as the response signal occurred. Response latencies in the delayed naming trials were measured from the onset of the beep until the participant's response triggered the voice key. The experiment was controlled using DMDX software (Forster & Forster, 2003) . This software provides RT measurements and records a digital version of the participants' responses.
Results
The results are presented in Table 4 . Voice key errors were excluded from the data analyses (accounting for 1.7% of the data). Overall, the error rate was extremely low (Ͻ2%) and did not show any differences between conditions. However, one item from the inconsistent / dominant group (lobe) produced an error rate of 44% and was therefore excluded from all further analyses. RTs that were 3 SDs beyond a participant's global mean were excluded from the analysis (accounting for less than 1.5% of the data).
With regard to immediate naming, the main effect of consistency was significant by subjects [F 1 (2,48) ϭ 12.7, p Ͻ .001] but failed to reach significance by items [F 2 (2,67) ϭ 1.28, p Ͼ .20]. The critical comparison between inconsistent dominant and inconsistent subdominant members of the pairs was significant by subjects [F 1 (1,24) ϭ 5.0, p Ͻ .05] but failed to reach significance by items [F 2 (1,44) ϭ 1.1, p Ͼ .20]. In the strongest planned comparison, the difference between inconsistent subdominant and fully consistent items was significant by subjects [F 1 (1,24) ϭ 7.9, p Ͻ .01] and approached significance by items [F 2 (1,45) ϭ 2.0, p Ͻ .20]. The delayed naming condition produced no significant effects (all Fs Ͻ 1), suggesting that there were no major articulatory onset differences between the different item groups.
Discussion
In the present experiment, we found that orthographic consistency had some effect on immediate naming latencies. Note that this effect was neither masked nor amplified by potential articulatory differences between items because the delayed naming task did not show a difference between conditions. The effect in immediate naming was much smaller than that obtained in the previous experiments. Also, the critical comparison between items with dominant spellings and those with subdominant spellings was statistically less robust-that is, it failed to reach significance in the item analysis. However, note that the item analysis tends to underestimate effect sizes in research designs, in which items are tightly matched on a large number of dimensions (Raaijmakers, Schrijnemakers, & Gremmen, 1999) . This possibility would certainly apply to the present research, because items were selected as a pair and matched on a large number of variables (see Table 1 ).
Also, as was mentioned earlier, auditory naming is a fairly low-level articulatory task that tends to minimize lexical influences (Radeau & Morais, 1990) . This certainly limits our chance of finding a strong consistency effect because, in the consistency effect, it is the lexically based spelling of an inconsistent word (e.g., sign) that is in conflict with the more dominant, phonologically based spelling (e.g., "-ine").
GENERAL DISCUSSION
The present experiments provide a strong test of the hypothesis that orthographic information influences auditory word recognition. Whereas in previous studies fully consistent words were compared with maximally inconsistent words (Ventura et al., 2004; Ziegler & Ferrand, 1998) , in this study we compared inconsistent words, which had either a dominant or a subdominant soundspelling mapping (i.e., a graded consistency effect). The advantage of such a research strategy was that items in the critical (dominant-vs.-subdominant) comparison had identical rime phonology. Keeping rime phonology constant while matching onset characteristics reduces potential phonological or phonotactic differences between different groups of items.
The main results can be summarized as follows. In all three experiments, consistent items were processed faster than inconsistent items (the consistency effect). Moreover, all the experiments showed that inconsistent dominant items were processed faster than inconsistent subdominant items (the spelling probability effect). The relative effect sizes of the consistency and spelling probability effects across the three tasks are presented in Figure 1 . Because the three tasks differ in overall latency, z scores were derived from the group differences expressed in SD units. Figure 1 clearly illustrates that the size of the consistency and the spelling probability effects varies as a function of lexical involvement across tasks. In the LDT, lexical access is required to discriminate words from pseudowords. Indeed, both effects were strongest and most robust in the LDT. In the rime detection task, access to the lexicon might be beneficial for segmenting words into onsets and rimes, but it is not strictly required for performing the task. In accordance with this idea, the data exhibited smaller consistency and spelling probability effects in rime detection than in lexical decision. Finally, auditory naming does not require lexical processes at all, since it can be easily accomplished on a purely sublexical level. Not surprisingly, auditory naming showed the smallest effects, reaching significance only by participants. One might have expected that slower tasks, such as rime detection, would produce the largest effects because consistency effects might need time to develop. However, this was not the case. As the z score data clearly show, lexical involvement rather than overall processing speed predicts the size of the consistency effects.
Although there is strong evidence for the existence of orthographic effects in a number of auditory tasks (e.g., Damian & Bowers, 2003; Frost & Katz, 1989; Halle et al., 2000; Slowiaczek et al., 2003; Taft & Hambly, 1985) , the question remains as to why orthographic effects should be there in the first place, given the primacy of speech over reading and writing. The most straightforward answer is provided by the dynamical systems approach to word recognition (Rueckl, 2002; Stone, Vanhoy, & Van Orden, 1997; Stone & Van Orden, 1994; Van Orden, 2002; Van Orden & Goldinger, 1994) . According to this approach, word recognition results from the recurrent flow of activation within a highly interactive network representing different kinds of linguistic information (e.g., orthographic, phonological, semantic). Inconsistencies between these different units increase the time it takes for the system to settle into a stable state. Because learning in these networks is sensitive to the statistical properties of the spelling-to-sound mapping, these networks are well prepared to account for the graded nature of the consistency effect. Orthography and phonology become intricately related during learning to read and to spell. One can describe the amalgamation of orthography and phonology in terms of the development of a cell assembly (see, e.g., Hebb, 1988) . When different events co-occur frequently (as do orthography and phonology during reading), neurons coding those events become associated. Associated neurons develop into a functional unit, or cell assembly. An intriguing property of such cell assemblies is that if a sufficiently large number of the assembly neurons are stimulated by external input, activity will spread to additional assembly members and, finally, the entire assembly will be active. This explosion-like process has been called ignition of the assembly (Braitenberg, 1989) . For example, full ignition of a cell assembly after stimulation of only some of its neurons can explain why perceivers have no problem identifying a partially hidden object (Hebb, 1988) . As far as word recognition is concerned, the acquisition of reading causes strong associations between orthography and phonology to exist. As a consequence, word form assemblies include both orthographic and phonological information. Full ignition of the entire word form assembly after stimulation (by speech input) of a sufficiently large number of phonological neurons may thus be the reason why orthography is automatically activated during speech recognition.
A second possible explanation for the existence of orthographic effects in speech perception is that they go back to a developmental phase in which orthographic information alters the nature of the phonological representations themselves (Goswami, 2002b) . Such a possibility is best described in the context of the phonological restructuring model (Metsala, 1997; Metsala & Walley, 1998) . Although this model does not take orthographic influences into account, there is evidence to suggest that as children learn to read and spell, orthographic information is used in order to restructure, specify, and organize lexical phonological representations. According to this idea, words with inconsistent spellings would never acquire fully specified phonological representations, which would explain the latency costs for accessing inconsistent words. This account would naturally predict that the size of the consistency effect decreases as the task relies less and less on accessing lexical representations, as indeed is the case in the present study. Note also that the restructuring account does not have to rely on on-line feedback to explain the existence of an orthographic effect (for discussions, see Norris, McQueen, & Cutler, 2000; Peereman et al., 1998 ; but see also Luce, Goldinger, & Vitevitch, 2000) . Instead, orthographic information would have had its major impact during a developmental restructuring phase of lexical representations (i.e., off line).
While we await further data to decide between these challenging theoretical explanations, the present study clarifies a number of outstanding empirical issues. First, Figure 1 . Cross-task comparisons of the consistency effect (i.e., inconsistent items minus consistent items) and the spelling probability effect (i.e., items with subdominant spelling minus items with dominant spelling). Effect sizes are expressed in z scores (i.e., group differences divided by pooled SDs).
orthographic consistency effects are not artifacts of phonological or phonotactic properties of the stimulus material. Second, they can be obtained in tasks that produce low error rates, which makes it unlikely that the effects are due to orthographic strategies used to reduce the difficulty of the task. Finally, orthographic consistency effects are not restricted to the LDT. However, their size seems to vary as a function of the lexical involvement of the task. Empirical specifications such as these are certainly necessary for a deeper understanding of the effect. However, they should not distract from the bigger picture showing that, in one way or another, learning about orthography seems to permanently alter the way we perceive spoken language.
